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Abstract 
Aluminum is released into the environment both by natural and anthropogenic processes and its neurological 
effects are well documented but this effect is on the hepatocytes is poorly studied. This study evaluates the 
biochemical and histopathological alterations in hepatocytes of aluminum intoxicated rats. A total of sixteen (24) 
rats of eight (8) each in a group were given 3.8mg/kg and 38mg/kg body weight of aluminum (treated groups) 
and 0.2ml normal saline (control) respectively for days 7 and 14. The protein and aluminum levels, and 
histopathological  examination were determined using standard methods. The weight of aluminum exposed rats 
differed significantly (p<0.05) after days 7, 10 and 14. The results showed significant  increase (p<0.05) in 
aluminum levels in liver homogenate of the group given 38mg/kg, 3.8mg/kg and 38mg/kg  after days 7 and 14 
respectively. However, the protein level in liver homogenate decreased significantly (p<0.05) for the aluminum 
test group given 38mg/kg after days 7 and 14, as compared to the control. The results from this study showed 
that the liver sections collected from test animals showed proliferation of cells around the portal tract (PT) but 
the liver sections of  control animals were normal with well preserved hepatic cells (H). This result suggests that 
aluminum ingestion induced accumulation, biochemical and histopathological alterations in aluminum exposed 
rats. 
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INTRODUCTION 
Toxic metals are widely found in our environment and humans are exposed to them via water, contaminated air, 
food and soil. Aluminum (AL) belongs to this group of toxic metals. It is the third most common element in the 
earth's crust and is ubiquitous in the environment (Yao,1994, Zatta,1994. Domingo,1995, Shafer,1995)  yet, its 
biological and biochemical functions still remain unknown (Yokel , 2002). The major contributors to aluminum 
exposure are water, air, foods with aluminum-containing food additives, grain products and processed 
cheese(Pennington and Schoen, 1995, Kumar and Gill, 2009) and drugs. 
The availability and use of aluminum has elicited very many research interests in its toxicity. 
Aluminum is a constituent of cooking utensils, medicines such as antacids, deodorants, perspirants, food 
additives
3
, packaging foil, drying agent (e.g. sodium silico-aluminate- a fine powder), used to dry cocoa, salt and 
other products, flocculating agent in most municipal water supply (Kandiah and Kies, 1994) and this contributes 
to the aluminum burden of the human system via the gastrointestinal and the respiratory tracts. Target tissues for 
aluminum burden are bone, brain, kidney and liver. Signs and symptoms include: colic, dementia, esophagities, 
gastro enteritis, kidney and liver damage (Rutter and Russel – Jones(eds), 1983,  Yost, 1984, Pennington, 1987 
and Greger, 1992). 
Aluminum has been associated with several neurodegenerative diseases, such as Alzheimer's disease, 
Parkinson's disease, dialysis encephalopathy, amyotrophic lateral sclerosis and Guam-Parkinson's dementia 
(Kawahara,2005, Bondy,2010, Walton, 2011 and, Crisponi, Nurchi, Bertolasi and et al., 2012). The mechanisms 
underlying aluminum neurotoxicity are poorly understood,however it appears that the metal contributes to 
oxidative damage 
(Nehru  and Anand,2005,Kumar et al.,2009,Kumar et al.,2009, Kumar et al.,2009), disruption of 
calcium homeostasis (Julka and Gill,1996, Guo, and Liang,2001 and, Kaur and Gill,2005)  and impairment of 
intracellular signal transduction pathways (Haug et al.,1994, Shi et al.,1993 and, Shafer and 
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Mundy,1995) .Aluminum as a neurotoxin has been numerously studied but the effects of aluminum on 
hepatocytes is poorly studied. Since, liver is one of the target tissues of aluminum burden and it is  involved in 
the metabolism and detoxification of toxic metals, it may be vulnerable to attack and dysfunction.  And this is 
the essence of this study. Specifically, to evaluate the biochemical and histopathological alteration in rats 
exposed to aluminum. 
. 
MATERIALS AND METHODS. 
Animals used for this work were male Wistar albino rats aged between 8-10 weeks with   body weight range of 
150-205g. They were obtained from the animal house of the Faculty of Biological Sciences University of Nigeria, 
Nsukka (UNN). The housing and handling of animals were in accordance with guidelines of our Institution’s  
Animal ethics . All Chemicals used in this study were of analytical grade and were obtained from reputable 
companies (Merck, Germany; BDH Chemicals Ltd, Proole, England and  May and  Baker Ltd England).  
 
EXPERIMENTAL DESIGN 
Twenty-four male rats (24) were housed in three separate cages of eight rats each and acclimatized for five days. 
The three groups viz: Group 1 labeled Control administered 0.2ml of normal saline whereas Group 2 and 3 
were labeled treated groups administered 3.8mg/kg and 38mg/kg body weight of aluminum in the form of 
aluminum chloride. The route of administration was per oral (p/o). All groups were fed with commercial feed 
(grower’s mash) and water ad libitum for seven and fourteen (14) days respectively. The animals were weighed 
on days 0, 3, 7, 10, and 14 for the determination of mean body weight and were later sacrificed and dissected on 
days 7 and 14 respectively. The liver was removed, weighed and washed with normal saline and homogenized in 
25% Tris HCl (50mM) buffer pH 7.4. The homogenate was centrifuged at 10,000xg for 10 minutes and 
supernatant collected. This was stored in the refrigerator    (0-4oC) and used for subsequent analysis within 48 
hours, aluminum and protein levels were assayed by the methods of Taylor and Walker,1992, and Lowry et al., 
1951 respectively . Histopathology   examination of the liver were carried out by the methods of Disbrey and  
Rack, 1970; and  Drury et al., 1967 respectively. 
 
RESULTS. 
MEAN BODY WEIGHT GAIN/ LOSS OF RATS  
The results from this study Table 1, show no significant difference (p>0.05) between the body weight  gain of 
control and all the test animals given 3.8 and 38mg/kg per kilogram body weight of AlCl3 after three days of 
aluminum  exposure. However, the aluminum exposed groups showed significant decrease (p<0.05) in the mean 
body weight after days 7,10 and 14 as compared to the control. 
RELATIVE LIVER WEIGHT (AS A PERCENTAGE OF BODY WEIGHT)  
From Table 2, the results show no significant difference (p>0.05) in the relative liver weight between the test 
groups and that of the control after seventh day of treatment. However, the relative liver weight of aluminum 
exposed animals decreased significantly (p<0.05) when compared with the control after the fourteenth day of 
exposure.  
ALUMINUM LEVEL IN LIVER HOMOGENATE (µg/l)  
From table 3.0  there was no significant increase (p>0.05) in the aluminum level of the liver homogenate for the 
test group given 3.8mg/kg body weight while the test group given 38mg/kg showed a significant increase 
(P<0.05) in aluminum level in liver homogenate after seven days respectively, relative to the control group.   
However, aluminum level in the liver homogenate of the test groups given 3.8mg/kg and 38mg/kg were 
significantly higher (P<0.05) as compared to the control group.  
EFFECT OF ALUMINUM ON PROTEIN CONCENTRATION IN LIVER HOMOGENATE (mg/ml) 
Results in Table 4.0 showed   significant decrease (P<0.05) in protein concentration in the liver homogenate of 
the aluminum exposed group given 38mg/kg after seven and fourteen days respectively relative to the control. 
However, after seven and fourteen days, the aluminum exposed group given 3.8mg/kg showed a decrease in the 
mean body weight but were not statistically significant (p>0.05) as compared with the control. 
Histopathology of the liver cells of rats exposed to aluminum (38mg /kg  body weight of AlCl3) after 14 
days were examined. 
Plates 3a-3c below depict photomicrographs of the H & E stained section of the liver cells of control and 
experimental rats. Our observations reveal that liver sections of aluminum-treated rats given 38mg/kg AlCl3 
showed proliferation of cells around the portal tract (PT). These cellular proliferation around the portal tract were 
severe at fourteen days than at seven days of post-treatment. The control examined showed normal and well 
preserved portal tract (PT).  
 
DISCUSSION. 
In the present study, we evaluated aluminum intoxication induced biochemical and histopathological alterations 
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in rats.The results of this work reveal that exposure to aluminum by oral intubation to rats produced some signs 
of toxicity such as reduction in the body and visceral organ weight and as well as protein concentration. The 
effect of aluminum on body weight gain was progressively decreased during the experimental period. The body 
weight of intoxicated rats (Table 1.0) with aluminum was significantly reduced than that of the control group. 
Similarly, the visceral organ (liver) weight as measured by percentage body weight was found to be reduced 
significantly relative to the control. Our result is contrary to the reports of Nayak and Chatterjee (1998). They 
had a different response on body weight. The difference in the body weight in the two studies may be attributed 
to either the difference in the route of administration ( i.p) or dose (5mg) of aluminum given to the rats. However, 
Paternain et al., (1988) reported that administration of aluminum as AlNO3 caused weight loss. The observed 
loss in weight for the rats exposed to aluminum thus suggests that aluminum probably interferes with normal 
metabolic (biosynthetic) processes. The growth of an organism integrates a range of physiological, biochemical 
and cellular processes. Thus, loss in body weight should be a sensitive indicator of a toxic impact. Body weights 
of the rats exposed to aluminum decreased with increase in concentration of aluminum. This is in line with the 
observation made by Donkin and Widdows, 1986, who stated that body weights of exposed organisms, decline 
in a predictable way with respect to the concentration of toxicant and duration. 
Our results also indicate that aluminum administration leads to a significant increase (P<0.05) tissue 
(liver) aluminum concentrations. This elevation depends on the concentration and duration of exposure. 
Sampson   et al., (1989) found that serum aluminum level in renal patients maintained on hemodialysis was high 
and correlates with the intake and duration of aluminum consumption (Al(OH)3) in chronic renal failure.  
Results from our work reveal significant reduction in liver protein concentrations of the aluminum exposed 
groups compared to the control group. The reduction in liver proteins observed in this work increased with 
increasing concentration and duration of the toxicant exposure, suggesting that aluminum exposure may interfere 
with protein synthesis. This interference may also have exposed proteins to a wide range of free radical species 
capable of oxidizing protein thiols, thus promoting the formation of disulphide bridges and even induction of 
protein fragmentation and catabolism. These will affect normal protein metabolism and growth, thus leading to 
the observed body weight loss. The present study shows that aluminum exposure to rats potentiates oxidative 
stress and cause protein carbonylation in the liver cells. May be in this way, aluminum promotes the formation of 
amyloid-β protein plaques as reported by (Deloncle and Guillard,1990, Kawahara et al.,1994) by aggregating tau 
proteins in Alzheimer’s disease Savory et al.,1998. 
 In another work, Abubakar et al., (2004), reported decreases in serum, liver and brain proteins during 
aluminum administration. However, this work is contrary to the report of Bondy et al.,(1998) who reported an 
increase in protein after aluminum administration. He placed the rats on a special food, selenium supplement, 
however. Similarly, the antibiotic known as puromycin inhibits protein synthesis and thus causes a fatty liver and 
marked reduction in the concentration of very low density lipoprotein (VLDL) in rats. Other substances that act 
similarly include ethionine (α-amino-mercaptobutyric acid), CCL4, chloroform, phosphorous, lead, aluminum, 
and arsenic (Konat and Wiggins, 1985). 
Results of our histopathological studies (H&E) have revealed that aluminum affects the architectural 
and normal cell division of hepatocytes of aluminum exposed rats after day 14. Proliferation of cells around the 
portal tract (PT) of the liver of test animals (rats), which is one of the lesions found in cases of intoxication 
suggest that aluminum exposure to rats disrupts its normal cell division probably as a result of aluminum 
accumulation and inhibition of protein synthesis hence, potentiates oxidative stress. These observations reveal 
that aluminum induces hepatotoxicity.  
 
CONCLUSION. 
It is suggestive that the reduction in bodyweight and protein concentration as well as proliferation of cells in 
hepatocytes indicates that aluminum induces hepatotoxicity and the mechanism may be due to its accumulation 
in hepatocytes.. 
Conflict of Interest: None Declared. 
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Table 1.0 Mean Body Weight (g). 
DAYS/GROUPS 3 7 10 14 
Control 18.23±5.85 35.72±4.22 44.60±6.07 41.43±8.60 
3.8mg/kg 20.08±4.40 18.33±2.56* 16.77±2.40* 15.53±2.97* 
38mg/kg 16.40±1.30 12.08±1.92* 9.80±3.50* 9.53±3.01* 
 
Table 2.0 Relative Visceral Organ (Liver) Weight (Percentage body weight). 
DAYS/GROUPS Control 3.8mg/kg 38mg/kg 
7 3.85±0.31 3.82±0.23 3.80±0.06 
14 4.27±0.13 3.91±0.21 3.04±0.14 
 
Table 3.0 Aluminum levels in liver. 
DAYS/GROUPS Control 3.8mg/kg 38mg/kg 
7 0.97±0.15 4.20±2.96 6.02±1.18* 
14 1.26±0.38 3.98±0.45* 6.59±1.25* 
 
Table 4.0 Liver Protein concentration (mg/ml). 
DAYS/GROUPS Control 3.8mg/kg 38mg/kg 
7 1.59±0.21 1.47±0.15 1.30±0.13* 
14 1.63±0.16 1.50±0.29 1.40±0.10* 
*Significant difference between the control and Al exposed groups 
 
Plate 3a: Liver section of  a control  rat showing well preserved hepatic cells (H). ( H and E stain x 400). 
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Plate 3b: Liver section of a rat given 38 mg/kg body weight AlCl3  for seven days showing  cellular proliferation 
(CP) at the portal tract.  ( H and E stain x 400). 
 
 
Plate 3c: Liver section of a rat given 38 mg/kg body weight AlCl3  for fourteen  days showing   severe cellular 
proliferation (CP) at the portal tract.  ( H and E stain x 400).  
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